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ABSTRACT
Branching ratios for the dominant Cabibbo-suppressed decays of the  lepton have
been measured by CLEO II in e
+
e
 
annihilation at CESR (
p
s  10:6 GeV) using kaons
with momenta below 0:7 GeV=c. The inclusive branching ratio into one charged kaon is
(1:60  0:12  0:19)%. For the exclusive decays, B(
 
! K
 


) = (0:66  0:07  0:09)%,
B(
 
! K
 

0


) = (0:51  0:10  0:07)%, and, based on three events, B(
 
!
K
 
2
0


) < 0:3% at the 90% condence level. These represent signicant improvements
over previous results. B(
 
! K
 

0


) is measured for the rst time with exclusive 
0
reconstruction.
PACS numbers: 13.35.+s, 14.60.Jj
Measurements of Cabibbo-suppressed decays of the  lepton provide a test of the Stan-
dard Model for the strange sector of the weak hadronic current. Of the decays with one
charged kaon in the nal state, only 
 
! K
 


has previously been observed;
1
its branch-
ing ratio is predicted
2
to be (0:76 0:03)% based on measurements
3
of the Cabibbo-favored
decay 
 
! 
 


. The decay 
 
! K
 

0


is expected to proceed through the K

(892)
resonance and its branching ratio can be calculated
2
from the measured branching ratio
3
for

 
! 
 


, giving B(
 
! K
 

0


) = (0:38  0:01)%. The decay 
 
! K
 
(892)

has
previously been observed by reconstructing a K
S
! 
+

 
accompanying a charged particle.
The decay 
 
! K
 

0


provides an alternative measurement of the branching ratio for

 
! K
 
(892)

with minimal contamination from 
 
! K
 
K
0


. There are no rm
predictions for other Cabibbo-suppressed decays. Presented in this Letter are a new mea-
surement of the branching ratio for 
 
! K
 


with good precision, the rst measurement
of the decay 
 
! K
 

0


with exclusive 
0
reconstruction, and the rst limit on the decay

 
! K
 
2
0


.
The data used in this analysis have been collected with the CLEO II detector
4
at the
Cornell Electron Storage Ring (CESR). CLEO II is a general purpose spectrometer with
excellent charged particle and shower energy detection. The momenta and specic ionization
(dE/dx) of charged particles are measured with three cylindrical drift chambers between 5
and 90 cm from the e
+
e
 
interaction point (IP), with a total of 67 layers. These are
surrounded by a scintillation time-of-ight (TOF) system and a CsI(Tl) calorimeter with
7800 crystals. These detector systems are installed inside a 1.5 T superconducting solenoidal
magnet, surrounded by a proportional tube muon chamber with iron absorbers. For hadrons,
the dE/dx (TOF) resolution is  7:1% (154 ps), providing K= separation of greater than
2 (standard deviation) for particle momenta below 0.75 (1.07) GeV/c.
The data sample was collected from e
+
e
 
collisions at a center-of-mass energy
p
s  10:6
GeV. The total integrated luminosity of the sample is 1:58fb
 1
, corresponding to  1:4410
6

+

 
events. The candidate events are required to contain two or four charged tracks with
3
zero net charge. To reject beam-gas events, the distance of closest approach of each track
to the IP must be within 5 mm transverse to the beam and 5 cm along the beam direction.
Two-photon and Bhabha events are suppressed by a requirement on the total visible energy:
0:25 < E
vis
=
p
s < 0:85. The two-photon background is further suppressed by demanding
that the measured transverse momentum of the event be greater than 1.0 GeV/c. To ensure
reliable particle identication, the momentum vector of the kaon candidate, ~p
K
, must have
magnitude less than 0.7 GeV/c and point into the barrel region, j cos j < 0:81, where  is the
polar angle with respect to the beam. The total momentum vector of the charged particle(s)
recoiling against the kaon candidate, ~p
tag
, is used to divide the event into two hemispheres,
forming a \1+1" or \1+3" charged track topology. The opening angle between ~p
K
and
~p
tag
must be greater than 120
0
. For the \1+1" topology, the requirement p
tag
> 1:0 GeV=c
is imposed in order to suppress the two-photon background. The hadronic background is
suppressed by a requirement on the total invariant mass of the charged particles and photons
in each hemisphere: M < 1:7 GeV/c
2
. Also, the opening angle  between ~p
K
(~p
tag
) and the
charged particles and photons in the same hemisphere must satisfy cos > 0:3 (0:7).
Kaon candidates are identied using dE/dx and TOF information. The dE/dx mea-
surement must be within 2 of that expected for a kaon and, if good TOF information is
available,
5
the TOF must be within 2 of that expected for a kaon and greater than 4 away
from that for a pion. If p
K
> 0:4 GeV/c but good TOF information is not available, the
event is eliminated. No kaon candidate is allowed to be identied as an electron using the
calorimeter information. To further suppress the hadronic background, any event of \1+3"
topology is also discarded if both hemispheres contain a kaon candidate. A sample of 230
events satises these selection criteria.
Candidates for exclusive decay modes with 
0
's are identied using the calorimeter in-
formation in the kaon hemisphere. A photon candidate is dened as a crystal cluster with a
minimum energy of 60 MeV in the angular region j cos j < 0:71 or 100 MeV in the region
0:71 < j cos j < 0:95. This cluster must be isolated by at least 30 cm from the projection of
4
any charged track unless its energy is greater than 300 MeV. To further discriminate against
fake photons, a sub-sample of \high quality" photons is dened as those passing the isolation
cut and having either an energy which is above 300 MeV or a lateral prole of energy de-
position consistent with that expected of a photon. Only \high quality" photon candidates
are included in the selection criteria described earlier. For the decay 
 
! K
 


, no \high
quality" photons are allowed in the kaon hemisphere and for 
 
! K
 

0


(K
 
2
0


),
there must be two (four) photons. In order to minimize the dependence on the modeling
of showers, 
0
candidates accompanied by photons not classied as \high quality" are also
accepted.
The distribution of the photon-pair invariant mass, M

, is shown in Fig. 1(a) for the

 
! K
 

0


candidates. The 
0
signal corresponds to the rst direct observation of this
decay mode. The K invariant mass spectrum of events with M = jM

  M

0
j <
15 MeV=c
2
( 3) exhibits the resonant shape of K

(892), as shown in Fig. 1(b). There is
no indication of non-resonant production as the eight events with 1:0 < M
K
< 1:7 GeV=c
2
are consistent with the expectation of 6:1  0:4 events. The number of K
 

0
events is
extracted by tting the M

spectrum using a Gaussian with a long low-mass tail over a
at background. The width of the 
0
signal is constrained to the Monte Carlo expectation
(see below). For the decay 
 
! K
 
2
0


, three \1+1" events contain two exclusive 
0
candidates (M < 10 MeV=c
2
); the combinatoric background is estimated to be 0:25 0:56
events using the two-dimensionalM

side-bands. Events of \1+3" topology are ignored due
to the much higher hadronic contamination. The number of events for the various decays
are summarized in Table 1.
The detection eciency is calculated using a Monte Carlo simulation. The KORALB
program is used to generate pairs according to the standard electroweak theory, including

3
radiative corrections.
6
The detector response is simulated using the GEANT program.
7
Detector activity not attributable to the e
+
e
 
interaction is modeled by embedding random
trigger events into the generated events. The Monte Carlo kaon identication eciency has
5
been calibrated as a function of momentum using D
+
! D
0

+
! K
 

+

+
decays from
the data. The simulation reproduces the data quite well. For example, comparisons of the
observed momentum spectra for three decay modes with the simulation are shown in Fig. 2.
The Monte Carlo calculation yields the detection eciencies
8
and backgrounds shown
9
in
Tables 1 and 2.
The misidentication probability is calculated empirically as a function of momentum
and polar angle using isolated pions fromK
S
decays in hadronic events. The same probability
is also used for the small e and  backgrounds, except the e misidentication probability
for dE/dx which is extracted from radiative Bhabhas and photon conversion. Two-photon
backgrounds are determined using Monte Carlo simulations.
10
The hadronic background in
the \1+1" topology is calculated using the Lund Monte Carlo program.
11
The background
in the \1+3" topology is estimated by using this program to predict the shape of the total
invariant mass spectrum of the tag hemisphere, but without the kaon identication cuts in
order to increase statistics. The spectrum is then normalized to that observed in the data
in the non- region, M
tag
> 1:8 GeV/c
2
. This estimate is consistent with the absolute
prediction from the Lund program, which has a larger error.
After correcting for the background and detection eciency, the branching ratios are
extracted by normalizing to the luminosity and cross section. The world average topological
branching ratios
3
are used in extracting the results, which are summarized in Table 1.
There are several sources of systematic errors as shown in Table 3. The uncertainty
in the kaon identication eciency is due to the limited sample of D

events. The uncer-
tainty in the misidentication background from pions includes the statistical error due to
the limited sample of misidentied pions from K
S
and the dependence of the misidentica-
tion probability on the isolation criteria. The reliability of the misidentication calculation
has been veried by measuring the branching ratios using kaons in the momentum region
0.7-1.0 GeV/c which has  50% misidentication background. The systematic error in the
detection eciency due to the uncertainty in the simulation of photons and hadronic in-
6
teractions is estimated by varying the photon selection criteria.
12
The uncertainty in the
acceptance due to the selection criteria is estimated by comparing the various kinematic
distributions in the data with the expectations. The systematic error in the detection e-
ciency due to the uncertainty in the modeling of the Cabibbo-suppressed decays has been
investigated by assuming dierent resonant substructures in the decays. The systematic
error in the detection eciency and migration background correction due to uncertainties
in the  decay branching ratios is estimated by changing the branching ratios within their
uncertainties (Ref. 3 and Table 2). The uncertainty in the trigger simulation is studied by
comparing branching ratios determined with various requirements on the trigger logic. The
systematic error in the hadronic background calculation is dominated by the statistical error
due to the paucity of events with high invariant mass. The inclusive branching ratio has also
been measured with an electron or muon tag, for which the background is negligible; these
measurements are consistent with the results from the generic tags.
The branching ratios from the two topologies agree, indicating the reliability of the
measurement since some of the systematic errors are dierent. Combining the two samples,
with the independent systematic errors added in quadrature, yields the nal results, B(
 
!
K
 
 0 neutrals 

) = (1:60  0:12  0:19)%, B(
 
! K
 


) = (0:66  0:07  0:09)%,
B(
 
! K
 

0


) = (0:51  0:10  0:07)%, B(
 
! K
 
2
0


) = (0:14  0:10  0:03)% or
< 0:3% at the 90% condence level,
13
where the rst error is statistical and the second is
systematic.
In conclusion, the branching ratios for the dominant Cabibbo-suppressed decays of the
 lepton have been measured. The results are consistent with the Standard Model expecta-
tions
2
and previous measurements
3
, but signicantly more precise. The decay 
 
! K
 

0


is observed for the rst time with exclusive 
0
reconstruction and the K
0
mass spectrum is
consistent with saturation by the K

(892) resonance. The dierence between the inclusive
and the sum of the two exclusive branching ratios is consistent with the presence of the other
decay modes assumed. A new limit on 
 
! K
 
2
0


has been set.
7
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Table 1. Summary of the signal, background, branching ratio, and detection eciency. The errors are
statistical only. All upper limits are at the 90% condence level, based on the prediction of zero event.
Decay K  0 neutrals K K
0
K2
0
Topology 1+1 1+3 1+1 1+3 1+1 1+3 1+1
Data 168 62 89 37 35:3 6:7 9:2  3:6 3
Misid. 21:3  0:1 6:3 0:1 12:4  0:1 4:3 0:1 3:7 0:2 0:7  0:1 0:29 0:02
Combin. - - - - - - 0:25 0:56
Migration - - 8:0  1:0 2:2 0:5 2:0 0:2 0:7  0:1 -
e
+
e
 
! qq < 3:7 1:4 1:9 < 0:6 0:1 0:2 < 0:8 0:1  0:2 < 0:2
 ! f

f 0:5 0:2 0:1 0:1 0:4  0:2 0:1 0:1 0:1 0:1 < 0:1 -
E (%) 0:39  0:01 0:72 0:03 0:45  0:02 0:95  0:06 0:23  0:01 0:39  0:03 0:077  0:003
B (%) 1:57  0:14 1:70 0:24 0:63  0:09 0:72  0:14 0:53  0:12 0:44  0:21 0:14  0:10
Table 2. Summary of the branching ratios (10
 4
) and
detection eciencies (10
 4
) used as input in calculat-
ing the branching ratio for 
 
! K
 
 0 neutrals 

.
Decay K K
0
K2
0
KK
0
KK
0

0
B 66  7 51  10 10 5 20  10 20  10
(1 + 1) 50  2 36  1 29 1 41  4 11  1
(1 + 3) 106  7 58  2 23 1 73  13 19  2
Table 3. Summary of systematic errors (%).
Decay K  0 neutrals K K
0
K2
0
Identication 6 6 6 6
Misid 2 2 2 2
(photon) 4 4 8 16
Acceptance 4 4 4 4
Decay Model 1   1 6
BR 5 5 3  
Trigger (1+1) 7 7 3 3
e
+
e
 
! qq 1 1 1 2
Luminosity 1.5 1.5 1.5 1.5
Cross-section 1 1 1 1
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FIGURE CAPTIONS
1. (a) The invariant mass spectrum of the photon pair in 
 
! K
 

0


events. The curve
shows a t to the spectrum. (b) The invariant mass spectrum of K
 
 combinations
(jM

  M

0
j < 15 MeV=c
2
). The histogram shows the Monte Carlo expectation,
including the background (dashed).
2. The momentum spectrum of the kaons in: (a) 
 
! K
 
 0 neutrals 

, (b)

 
! K
 


, (c) 
 
! K
 

0


. The histogram shows the Monte Carlo expecta-
tion, including the background (dashed).
11
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